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(Text-figures 1 & 2)

REVIOUS studies on the geographic vari-
P ation in climatic adaptation for poikilo-

therms have revealed much of physiolog-
ical, ecological and evolutionary importance.
The literature in this field has been thoroughly
reviewed by Prosser (1955) and Bullock (1955).
In respect to amphibians, investigations on the
geographic variation of developmental adapta-
tion in anurans (e.g. Moore, 1949; Volpe, 1954)
have been particularly significant. Relatively
little data, however, are available in which meta-
bolic rate and temperature have been compared
in amphibians from different latitudes. It is the
purpose of this study, therefore, to present an
analysis of the respiratory metabolism of some
tropical, temperate and boreal anurans when
compared at two similar temperature levels.

The tests were carried out on five species of
tropical frogs: Hyla maxima and Hyla crepitans
(Hylidae); Leptodactylus typhonius and Eu-
pemphix  pustulosus (Leptodactylidae) and
Prostherapis trinitatis (Dentrobatidae). The
temperate and boreal forms included the toads
Bufo boreas boreas and Bufo boreas halophilus
(Bufonidae) ; and the frogs Rana clamitans and
Rana sylvatica (Ranidae) and Hyla crucifer.

The experimental work was undertaken at
Simla, field station of the Department of Trop-
ical Research, New York Zoological Society,
Arima Valley, Trinidad, B.W.I., and the Depart-
ment of Zoology, Columbia University, New
York, from December, 1954, to July, 1955.

IContribution No. 974, Department of Tropical Re-
search, New York Zoological Society.

2Present address: University of Michigan, 1135 E.
Catherine St., Ann Arbor, Mich.

3This study was aided in part by the Arctic Institute
of North America through funds granted by the Office
of Naval Research.
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MATERIALS AND METHODS

All tropical frogs were collected in the imme-
diate vicinity of Simla in the northern range of
Trinidad at an elevation of around 800 ft. be-
tween December 26 and March 30. Hyla cru-
cifer was collected near New York City in late
April and early May, and Rana clamitans and
Rana sylvatica from Bondville, Vermont (1,500
ft.), on July 3 and 4. Breeding individuals of
Bufo boreas boreas were taken seven miles
northwest of Juneau, Alaska (sea level), be-
tween June 1 and 10, and post-breeding forms
of Bufo boreas halophilus from California at the
following localities: Richmond, Contra Costra
Co. (sea level); Russian River area, Sonora Co.
(sea level to 1,000 ft.) and Sequoia National
Park, Tulare Co. (7,500 ft.) between June 1 and
19. The five tropical species ranged in weight
from 0.5 to 45.5 gms., and the four temperate
and boreal species from 0.84 to 56.1 gms.

After collecting, the tropical frogs were main-
tained in aquaria at room temperature (20-25°
C.), and the temperate and boreal forms were
kept in aquaria in a constant temperature (15°
C.) room. All were fed regularly on adult or
larval insects.

Closed system volumetric respirometers of the
type developed by Flemister & Flemister (1951)
were employed for the determination of the res-
piration rates. Tests were conducted in water
baths maintained at 25 = .5° C. and 10 == .5° C.
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TexT-F1G. 1. The relation of oxygen consumption to weight in five species of tropical anurans at two tem-
perature levels (b = regression coefficient; ¥ = coefficient of correlation). Dashed lines represent regres-

sion slopes for temperate species.

for the tropical forms and 24 * .1° C. and 14 =%
.1° C. for the temperate and boreal animals.
After allowing a half hour for thermal equilib-
rium the tests were then run for a period of three
or four hours. The volumes obtained for oxygen
consumption have been corrected to standard
temperature.

RESULTS

Text-figures 1 and 2 represent the double-
logarithmic regression plots of weights to metab-
olism where the log of the rate of oxygen con-
sumption (cc./hr.) equals log a 4+ b log W,
or metabolic rate equals alW®, the constants a
and b being the regression coefficients of the
intercept and slope and W the wet body weights
(gms.). Because of the slight depression for the
values at 14° C. the data for Bufo boreas, al-
though plotted, were not included in computing
the regression lines for Text-figure 2.

At both temperature levels the respiratory
rates for the tropical frogs averaged lower than
those from the northern latitudes at similar tem-
peratures. This appears to be especially evident
when we compare the smaller animals, and is
reflected in a steepening of the slope for the
tropical weight regression coefficients. Although
the average regression coefficient of .71 for the
temperate animals at the two testing tempera-
tures is but slightly higher than an exponent of
% (.67) that we might expect in keeping with
the surface law of metabolism (metabolism/
time = aW*), the average slope of .84 for the
tropical species seems significantly greater.
There appears to be little correlation between
temperature and regression slope in animals
from the same general latitude.

With the exception of Bufo boreas, the tem-

perature coefficients (Q1o) did not vary signifi-
cantly between the tropical and temperate
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TEXT-FIG. 2. The relation of oxygen consumption to weight in four species of temperate and boreal anurans
at two temperature levels (b = regression coefficient; r = coefficient of correlation). Dashed lines rep-
resent regression slopes for tropical species. Data for B. boreas were not used in plotting the regression lines.

species (Table 1). The oxygen consumption
rates for Bufo boreas at both temperature levels
showed little variation both within and between
the Alaskan and Californian forms. In fact, at
both 14° and 24° C. the two races of Bujfo
boreas showed a metabolic rate typical of the
temperate frogs tested at 24° C. This relative
insensitivity to temperature change is reflected
in their low temperature coefficients.

DiscuUssioN

The weight regression coefficients (.703 and
.707) for the temperate animals studied here
are supported by the findings of others. Davison
(1955) found a value of approximately 24 (.67)
for the exponent in seven species of temperate
anurans (weight range 1 to 350 gms.) that he
measured at 25° C., and Rubner (1924) reports
an exponent of .67 for Rana esculenta. Regres-
sion coefficients of .80 and .85 are given by

Scholander et al. (1953) in the tropical and
arctic animals (fishes, crustaceans, insects and
spiders) that they measured at 0° C. (arctic
species) and 20-30° C. (tropical species). No
shift in the weight regression slope is apparent
between the arctic and tropical forms. Because
of the limited number of species tested by us in
the present study, the steeper regression slopes
(.825 and .861) found in the tropical species
can not be considered as conclusive.

The compensatory metabolic rates exhibited
by the northern or cold-adapted anurans studied
here are in keeping with the general concept
(Bullock, 1955) that activity rates are greater at
a given temperature in cold-blooded animals
from northern latitudes when compared with
the same or closely related southern forms.
Scholander et al. (1953) state that climatic
adaptation in terrestrial poikilotherms is not
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significantly reflected by over-all oxygen con-
sumption in the tropical and arctic insects and
spidcrs that they tested at 0° and 20° C. Prosser
(1955) also concludes that metabolic differences
in populations are to be found in aquatic but
not in terrestrial poikilotherms. If we consider
the amphibians studied here as semi-terrestrial,
we should then expect to find a significant, but
not pronounced, difference in climatic adapta-
tion between the tropical and northern forms.
This appears to be the case. It would seem that
a similar study of tropical and temperate rep-
tiles would be of particular interest in this
respect.

It is also generally accepted (Bullock, 1955)
that cold-adapted poikilotherms tend to show a
lower Q1o when compared with the same or
closely relatcd warm-adapted spccies. This con-
cept becomes apparent among the anurans of
this study only in the toad Bufo boreas. The
other frogs show no significant variation in Q1o
between tropical and temperate forms (Table
1). This seemingly inherent low Qo for Bufo
boreas could have been a contributing factor
in its successful northern extension into south-
ern Alaska. It is interesting to note, however,
that in Rana sylvatica, which ranges even fur-
ther north than Bujfo boreas, we find no in-
herently lower temperature coefficient. These
results can probably be partially explained by
the limited number of determinations made as
well as by the fact that we are here grossly com-
paring different species. Moreover, familial dif-
ferenccs such as the more terrestrial habits of
Bufo boreas could conceivably explain the dis-
similarities. Breeding condition, size and sea-
sonal fluctuations may also have had an
influence. However, with the exception of Hyla
crucifer, all northern animals were collected
between June 1 and July 4, and only adults of
similar weight within a species were used in the
determination of the temperature coefficients.
Bufo boreas boreas was the only form in breed-
ing condition at the time of collecting. It is sur-
prising that individuals of Bufo boreas exhibited
such a persistently similar metabolic picture,
coming as they did from two places so widely
separated in latitude and altitude (sea level to
7,500 ft.).

There is good evidence in support of the con-
clusion (for references see Dehnel, 1955) that
at their normal environmental temperatures, ac-
tivity rates of closely related northern and
southern animals are usually similar. The annual
range of mean monthly temperatures for Juneau
vary from —1.6° C to 13.0° C (1921-1950) with
an annual mean of about 5.8° C. compared with
arange of 25.6° to 27.3° C. and an annual mean
of 26.5° C. for Trinidad (Port-of-Spain). If we

take the mean monthly temperature for June at
Juneau (12.0° C.) and the average January to
March monthly temperature for Simla (ca.
24° C.), we can then use the lower testing tem-
perature (14° C.) for Bufo boreas boreas and
the upper testing temperature (25° C.) for the
tropical species as being reasonably close to their
normal mean habitat temperature at the time of
collecting. In examining the two extreme lati-
tudinal forms of similar size (Table 1), we find
Bufo boreas boreas with a mean oxygen coeffi-
cient (QOz2) of .152 at 14° C., which is higher
than that of all but one of the tropical frogs
tested at 25° C. At their normal habitat tempera-
tures, then, the northern species showed the
more active metabolism. Other studies (Scho-
lander et al., 1953, and Tashian, 1956) showed
a higher QO: for the tropical forms at their
normal environmental temperatures.

SUMMARY

1. The oxygen consumption of five species of
tropical frogs from Trinidad, B.W.I., was de-
termined and compared with that of four species
of temperate and boreal anurans from Vermont,
New York, California and Alaska at two tem-
perature levels.

2. The respiratory metabolism for the north-
ern forms averaged higher than that of the
tropical animals at both temperatures. This
higher metabolism for the cold-adapted animals
is more evident in the smaller species, and is
reflected in a steepening of the weight regression
slope for the tropical species at both tempera-
ture levels.

3. With the exception of a lower Q1o for both
races of Bufo boreas when compared with any
of the other forms tested, no significant variation
could be detected in the Qio of northern and
southern forms.

4. At their normal habitat temperatures, the
northern species had a higher rate of respiration
than the tropical species.
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